Fatty acid (FA) metabolism, including the uptake, de novo synthesis and oxidation of FAs, is critical for the survival, proliferation, differentiation and metastasis of cancer cells. Several bodies of evidence have confirmed the metabolic reprogramming of FAs that occurs during cancer development. The present review aimed to evaluate FAs in terms of how the hallmarks of cancer are gradually established in tumourigenesis and tumour progression, and consider the auxo-action and exact mechanisms of FA metabolism in these processes. In addition, this interaction in the tumour microenvironment was also discussed. Based on the role of FA metabolism in tumour development, targeting FA metabolism may effectively target cancer, affecting a number of important characteristics of cancer progression and survival.
In order to meet the needs of biosynthesis during high levels of proliferation, the reprogramming of fatty acid (FA) metabolism becomes essential in cancer cells. At present, a number of previous studies have investigated the effects of cancer on FA metabolism during progression, demonstrating the increased de novo biogenesis and β-oxidation of FAs in these transformed cells. However, whether this influence is unilateral remains to be fully elucidated.
In the present review, evidence regarding the contribution of the change in FAs in cells during the acquisition and development of the hallmarks of cancer is discussed. In addition, the review provides a comprehensive insight into the underlying roles of FAs in tumourigenesis that go beyond their function in membrane phospholipid synthesis, signal transduction and energy production. Due to the diversity of cancer phenotypes and limitations of existing evidence, results on the associations may not be universal. However, the aim of the present review was to provide a diverse perspective in order to obtain a better understanding of the pathogenesis of cancer and to highlight potential novel treatment targets and therapies.
FA metabolism and angiogenesis
The induction of angiogenesis, including the sprouting of existing blood vessels and tubular arrangement of endothelial cells (ECs), is crucial for metastatic spread and for primary and metastatic tumour growth. The overstimulation of angiogenic growth by induced signals in tumour progression results in various tumour vasculature abnormalities (3) , which in turn induces hypoxia, nutrient deficiency, reduced drug delivery, and more aggressive tumour growth (4) ; this forms a vicious circle of events. Tumour angiogenesis has long been recognised as an important target for anticancer therapy, and evaluation from the perspective of FA metabolism is an interesting area to evaluate first.
FA synthase (FASN), an enzyme associated with the endogenous synthesis of palmitic acid, is overexpressed in various types of human cancer, and its expression level is associated with prognosis and invasion depth. Increased knowledge of its connection with angiogenesis is gradually being obtained. FASN can affect the expression of a series of vasculogenesis-related factors, including promotive growth-regulated protein family members, angiogenin and interleukin (IL)-6, and suppressants tissue inhibitor of metalloproteinase-1 (TIMP-1) and tissue inhibitor of TIMP-2 (5) . It has been reported that FASN promotes angiogenesis in colorectal cancer by stimulating the secretion of angiogenic factors and the proliferation of ECs (5) ; significantly increased expression of FASN has also been positively correlated with elevated vascular endothelial growth factor (VEGF) levels ( Fig. 1) (6) . The significant impact of FASN inhibitors on angiogenesis has also been demonstrated in previous studies; by inhibiting the proliferation of ECs, they induce the inhibitory effect of angiogenesis (7) . The same effect has also been observed in melanoma and glioma, supporting the key role of FASN in the neovascularization of tumours (8, 9) .
The role of another factor closely associated with angiogenesis, FA oxidation (FAO), is gradually being elucidated. During vessel sprouting, FAO is involved in the growth and differentiation of vascular ECs (10) . Although not imperative for the production of energy in ECs, FAO supplies carbon for glutamic acid to facilitate the synthesis of deoxyribonucleotides (11, 12) ; this is significant as the carbon source required for this synthesis is predominantly from glucose and glutamine (13) . In addition, as the rate limiting enzyme of FAO, the pharmacological inhibition of carnitine palmitoyl transferase 1 (CPT1) or genetic loss of CPT1 in ECs can markedly reduce pathologic angiogenesis (11, 12) .
FA-binding protein (FABP), an intracellular FA carrier protein, has also been observed to correlate with this hallmark of cancer. Elmasri et al (14) identified that FABP4 was closely associated with the proliferation and migration of ECs, in addition to vessel sprouting. Mechanically, a previous study suggested that FABP may be associated with increased VEGFA and neovascularization by binding with VEGF receptor 2 on the cell membrane (15) . Kazlauskas (16) hypothesised that the expression of VEGF may be enhanced through mechanisms associated with FABP5 and peroxisome proliferator activated receptor-γ in prostate cancer cells following the uptake of exogenous FAs, indicating that there may be a link between the expression of VEGF and FABP. In addition, signal transduction lipids, including phenyl glycidyl ether 2 (PGE2) and lysophosphatidic acid, are important for the vascular growth and mobilisation of immunocytes, particularly macrophages that accelerate angiogenesis in tumours.
These results are indicative of an important association between FA metabolism and angiogenesis; they provide a basis for novel potential therapeutic strategies for targeting angiogenesis in cancer at different stages.
FA metabolism and the activation of invasion and metastasis
Several types of cancer gradually obtain the characteristics of invasion and metastasis with deterioration, an ability that is associated with the development and poor prognosis of cancer. Through an invasion-metastasis cascade, cancer cells infiltrate nearby blood vessels and lymphatic ducts, or are transferred to distant tissues (17) . During this progression, an important mode is epithelial-mesenchymal transition (EMT). Through this process, cancer cells reverse to an undifferentiated state and possess the abilities of invasion, transmission and resistance to apoptosis. In this reversible process, the majority of enzymes associated with these epigenetic modifications require the involvement of cofactors including acetyl coenzyme A (acetyl-CoA), the intermediate products in FA metabolism, which causes EMT to become susceptible to the changing intracellular metabolite levels (18) .
FA transporter [FAT; also known as cluster of differentiation (CD)-36], a membrane glycoprotein involved in transporting FAs, provides certain groups of cancer cells with unique metastasis-initiating potential and, particularly in human squamous cell carcinoma, CD36 has been identified as the inducer of distant metastasis (19, 20) . CD36 is also involved with poor, long-term outcomes in several types of cancer, including melanoma and breast carcinoma, due to its prometastatic characteristics (19) . The expression of FAT is linked with that of Wnt and transforming growth factor (TGF)-β pathway-related genes, which are two potential activators of EMT (21) . Nath et al (20) also demonstrated that the uptake of free FA (FFA), elevated by CD36, activated TGF-β signalling pathways, which in turn activated EMT. Correspondingly, due to the correlation between CD36 and metastasis, the suppression of CD36 also compromises the development of metastasis. A previous study suggested that inhibiting CD36 using neutralising antibodies resulted in a decrease in metastasis in mice with deficient immune systems (19) . Furthermore, the induction of EMT requires complex remodelling of cellular lipid composition in order to alter the membrane fluidity required for cell migration (22) , thereby highlighting the possibility of targeting membrane fluidity for the suppression of metastasis.
Considering the potential dependence of cells with a high energy demand following EMT on FA metabolism, several concerns have been raised regarding the correlation between FASN and EMT. Polyak and Weinberg (23) revealed that FASN was upregulated in EMT cells and, following silencing the expression of FASN using short hairpin RNAs, EMT reversal was induced. This upregulation has also been demonstrated in peritoneal metastasis of oophoroma; FASN was observed to promote EMT via the transcriptional regulation of different cadherins (24) . Other studies have reported that FASN may exert its influence on invasion and metastasis by regulating the Wnt or TGF-β signalling pathways (25) . By promoting the synthesis of FAs, FASN alters the composition of lipid rafts and activates the CD44/c-Met complex, inducing the activation of Src, focal adhesion kinase and paxillin, in addition to reorganisation of the actin cytoskeleton, resulting in changes in cell morphology and increased mobility ( Fig. 2) (26) . In addition, the suppression of FASN was reported to be connected with the abrogation of EMT induced by hepatocyte growth factors, and reverse the poor differentiation and malignant characteristics in transformed cells (27, 28) . Taken together, these results suggest that there may be a positive correlation between FASN and EMT.
Other enzymes associated with FA metabolism also have a number of associations with this translation. The overexpression of acetyl-CoA synthase and stearoyl-CoA desaturase-1 (SCD1) can activate EMT in colorectal cancer; however, acetyl-CoA synthase (ACS)2 acetylises hypoxia-inducible factor (HIF)-2α, one of the key inducers of EMT, to induce a prohibitive effect, and the overexpression of acyl-CoA medium-chain synthetase 3 also impairs the migration and invasion of hepatocellular carcinoma (HCC) cells (29, 30) . In addition, a high expression level of adenosine triphosphate citrate lyase (ACL) is responsible for lymphatic metastasis in gastric adenocarcinoma, and silencing ACL reverses EMT in lung cancer accompanied by the downregulation of Snail, which can promote EMT in cancer (31, 32) . Furthermore, acetyl-CoA carboxylase 2 silencing has a protective effect on the EMT transformation induced by glucose stress, triglyceride deposition and the accumulation of malonyl-CoA in the kidneys (33) . Mitochondrial 3-hydroxy-3-methylglutaryl-CoA synthase, a key enzyme in lipid synthesis, also increases the metastatic potential of colorectal cancer cells by activating Src signalling (34) .
In addition to these enzymes, FAs and the corresponding receptors are involved in the regulation of EMT. Elevated FFA levels can promote the metastatic progression of HCC via the transcriptional activation of EMT (20) . Furthermore, a high expression level of FABP, which is responsible for the combination and transmission of long chain FAs, has been also reported to enhance metastasis in colorectal cancer (35) .
The interactions in the tumour microenvironment are also key in this transformation. 27-Hydroxycholesterol, produced by tumour-associated macrophages or cholesterol metabolism, increases lung metastasis by acting through liver X receptor secondary to effects on EMT (36) . Triglyceride catabolism in adipocytes drives the homing, migration and invasion of ovarian cancer cells by supplying FAs as energy substrates (37) . In addition, adipose tissue-derived stem cells can be stimulated by breast cancer cells to secrete stromal cell-derived factor-1, and in turn, these paracrine factors enable cancer cells to migrate, invade and metastasise (38) . In such a microenvironment, the actions of tumour cells are not isolated, but are the result of the combined effects of intracellular and extracellular resistance factors and attributing factors.
In addition, metabolism in cells with EMT is reprogrammed to meet energy requirements. Lipid metabolism can be regulated by EMT transcription factors, including the repressor of E-cadherin, which also affects the signal cascade required for the complete activation EMT (39, 40) .
Therefore, taken together, the aforementioned evidence indicates that there are multiple associations between FA metabolism and the metastasis of cancer, which are associated with advanced stage, poor prognosis and malignant characteristics, including drug resistance. Furthermore, due to the interactions between the various factors that induce EMT and feedback regulation, the complex signalling network for cell invasion and metastasis presents difficulties in the understanding, prevention and treatment of cancer. Further investigation into FA metastasis may assist in this understanding.
FA metabolism and resisting cell death
Apoptosis. Apoptosis, a mechanism that maintains homeostasis through programmed cell death controlled by genes, has long been considered the biggest challenge in the onset of cancer since it was first suggested by Kerr et al in 1972 (41) . With regulation of different B-cell lymphoma 2 (Bcl-2) members, cells can initiate this program in response to DNA damage and insufficient growth factors (42) . Correspondingly, cancer evades this cell death mechanism via p53 deletion, thereby lowering the expression of pro-apoptotic factors or increasing the expression of anti-apoptotic factors and survival signals. FA metabolism is also involved in this transformation.
ACL and FASN, important enzymes and the primary obstacles in FA synthesis, indirectly affect the development and apoptosis of cancer cells. Nishi et al (43) demonstrated that the use of 5-(tetradecyloxy)-2-furoic acid, an acetyl-CoA carboxylase inhibitor, increased the number of apoptotic cells by increasing the activity of caspase3, and the addition of palmitate attenuated this, suggesting that there may be a link between FA and apoptosis. The use of selective FASN inhibitors to promote apoptosis also supports this (44) . Mechanically, Bandyopadhyay et al (45) reported that the increase in malonyl-CoA and the induction of pro-apoptotic genes tumour necrosis factor-related apoptosis-inducing ligand, Bcl-2-interacting protein 3 and death-associated protein kinase 2, induced by the inhibition of FASN, may be the primary causes. It is also suggested that the accumulation of NADPH in this process may have a strong correlation with apoptosis (46) . Therefore, there is a clear association between FA synthesis and apoptosis.
In addition, as expected, successful FAO is associated with the anti-apoptotic ability of cancer. Samudio et al (47) revealed that human leukaemia cells with inhibited FAO were more susceptible to apoptosis induced by ABT-737, an activator of Bcl-2, resulting from the fact that FAO acts as a regulator of Bcl-2 antagonist/killer 1-dependent mitochondrial permeability. Furthermore, the main cause of the rapid accumulation of lipid droplets, one of the characteristics of apoptosis, is the suppression of FAO accompanied by an enhancement in the activity of acyl-CoA synthase (48) . The cooperation of FA metabolism is an important strategy to consider in future investigations.
Autophagy. Autophagy, an important form of cell death, is a self-digestive process in which intracellular organelles or proteins are degraded in order to meet the needs of cell metabolism or the reprogramming of certain organelles. However, the role of autophagy in the development of tumours is complex and multifaceted. At present, autophagy is considered to function as a tumour suppressive process in the early stages of tumourigenesis by eliminating cytotoxic substrates, however, it also contributes to tumour cell resistance to apoptosis under energy stress conditions in established tumour autophagy (49) . The triggering mechanism of autophagy in tumours is complicated, and FA metabolism is involved in this process.
As important products in FA synthesis, the accumulation of palmitic acids in cells can trigger autophagy through lipotoxic effects via the mammalian target of rapamycin (mTOR)-independent signalling pathway (50) . In addition, FAs released by adipocytes in the tumour microenvironment can also trigger autophagy to promote cell survival in adverse environments via absorption by tumour cells and the activation of adenosine monophosphate-activated protein kinase (AMPK) signals (51) . A novel hypothesis is that different types of FAs stimulate autophagic responses through distinct molecular mechanisms: Saturated FAs may trigger autophagy by activating the AMPK, protein kinase R, c-Jun N-terminal kinase 1 and lipid kinase complex, whereas unsaturated FAs may induce this process via an intact Golgi apparatus (52).
FA metabolism and avoiding immune destruction
The immune system is considered to be the greatest challenge for tumours to overcome in order to develop. The well-established theory of immune surveillance states that, through constant examination, the immune system is responsible for the recognition and elimination of nascent transformed cells via various means of monitoring, which is vital for prevention of the emergence, development and metastasis of cancer. However, through immunoediting processes, in which weak immunogenic tumour cells are allowed to evade and undergo further expansion while the immune system inhibits tumour growth (53), or the absence or inhibition of a link in the immune system, this mechanism is avoided and solid tumours form. In this process, FA metabolism leads to the promotion of immune evasion through effects in different sites.
Previous studies have demonstrated that FA metabolism is important in the development, differentiation, function and distribution of different T cell subsets (54) ; supporting the hypothesis that FA metabolism regulation has an effect on the normal function and failure of the immune system. Kleinfeld and Okada (55) reported that the cytotoxicity of T lymphocytes can be reduced by the FFA released by breast cancer tissues to evade immune injury. In addition, the accumulation of linoleic acid in non-alcoholic fatty liver disease is associated with the loss of CD4 + T cells via the induction of mitochondrial damage, leading to the occurrence of HCC (56). Myeloid-derived suppressor cells (MDSCs), associated with immune deficiency in cancer through the production of immunosuppressive cytokines and the inhibition of T lymphocytes, can be arrested by the pharmacological inhibition of FAO (57) . A previous study also revealed that MDSCs with FA accumulation induced by the overexpression of fatty acid transport protein 4 have a higher prohibitive effect on immune cells than normal MDSCs (58) . All of the above evidence is suggestive of a promotion of FA metabolism in the development of immune system evasion.
Alterations in FAs are also closely associated with the sensitivity of cancer cells to immune system-induced cell death. In humoral immunity, regulation of the biosynthesis of cell membrane FAs and lipids can affect the sensitivity of tumour cells to antibody-mediated lysis (59) . In cellular immunity, Shaikh andEdidin (60) indicated that the sensitivity of target cells to effector T cells can be markedly reduced by the addition of polyunsaturated FAs; this effect is reported to arise during the identification phase (61) . In addition, immunity against the cytotoxicity mediated by natural killer cells can be enhanced by an increase in oleic acid and linoleic acid in the membrane of HCC cells (62) .
Macrophages, including tumour-prohibitive M1 type and tumour-promoting M2 type macrophages, are involved in the phagocytosis, antigen presentation and the secretion of cytokines and are important parts of the immune system. The M2 polarization of tumour-associated macrophages, an immunosuppressive phenotype, is known to be associated with an increase in FAO (63) . Furthermore, the PGE2 released by cancer cells can transform tumour-associated macrophages from the tumour-suppressing M1 phenotype to the tumour-promoting M2 phenotype, resulting in immune system evasion (64) . PGE2 can also inhibit the immune response in cancer by inducing the immunosuppressive cytokine IL-10 (65). As an important part of the immune system, functional changes in macrophages induced by FA metabolism are attributable to this evasion.
FA metabolism and enabling replicative immortality
In the ongoing replication process, the telomere length of normal cells gradually reduces and aging or cell death can be induced to a certain extent. Therefore, for the majority of cancer cells, this mechanism requires avoidance in order to permit infinite reproduction. In the regulation of the appearance of the senescence state, the formation and activity of telomerase is the most promising method. During this progression, FAs are directly or indirectly involved in the emergence of this important hallmark.
Cellular aging, an irreversible state in which the physiological function and proliferation and differentiation abilities gradually decline, is an important obstacle that requires avoidance by tumour cells in order to survive. Previous studies have suggested that the appearance of senescence is closely associated with the de novo synthesis and desaturation of FAs. The inhibition of FASN and SCD1, induced by telomere shortening and the subsequent activation of P53, results in increased levels of palmitic acid, reduced levels of monounsaturated FAs and phospholipids, and the induction of senescence (66, 67) . Therefore, it is hypothesised that the modification of FA metabolism is vital in the aging process. In addition, carnitine palmitoyl transferase 1C, an enzyme associated with the transportation and oxidation of FAs, is also associated with proliferation and senescence (68); therefore, altering the metabolism of FAs to delay or eliminate cell aging is beneficial for cancer progression.
The gradual reduction of telomeres, which protect chromosomal ends, is the greatest challenge for the immortal replication of cancer cells. Ponnusamy et al (69) demonstrated that the expression of FA elongase 3 is involved in determination of the length of telomeres. As the pivotal enzyme in lengthening telomeres, the activation of telomerase is also essential in the progression of cancer. Previous studies have revealed that polyunsaturated FAs (PUFAs), but not saturated FAs or trans-FAs, can significantly inhibit telomerase activity, and the enhancement of this effect is accompanied by an increase in the number of double bonds (70, 71) . Furthermore, oleic acid, a monounsaturated FA, can competitively inhibit telomerase activity through its specific structure and molecular length (72) . The ability to duplicate without limit is essential for tumour development. Therefore, regulating FA metabolism or using unsaturated FAs to treat a wide variety of solid tumours and malignancies may be an effective strategy.
FA metabolism and sustaining proliferative signalling
The maintenance of proliferative signalling is a prerequisite for the formation, development and deterioration of tumours. Intracellular or extracellular ligands activate a sequence of signalling pathways, including the mitogen-activated protein kinase (MAPK) kinase/extracellular signal-regulated kinase (ERK) or phosphoinositide 3 kinase (PI3K)/protein kinase B (Akt)/mTOR signalling pathways, to have a regulatory function in the proliferation of transformed cells, mainly via the regulation of cell cycle. These mitogenic signals are controlled to produce, release, activate and degrade specific factors, thereby maintaining signalling balance and intracellular homeostasis. However, the abnormal secretion of ligands or constitutive activation of a signalling pathway, which FA metabolism is known to be involved in, can also result in the continuous proliferation of cancer cells (2) .
Previous studies have indicated that the de novo synthesis of FAs is critical for completion of the cell cycle at the G2/M phase, further highlighting the potential of targeting FA metabolism to eradicate excessive proliferation (73) . Of note, several phases of abnormal FA anabolism are closely associated with this hallmark of cancer. Cai and Tu (74) demonstrated that the upregulation of acetyl-CoA, which is important for the production of FAs, can facilitate cell entry into the cell cycle by promoting the acetylation of growth-related genomic proteins. SCD1, a key enzyme in catalysing saturated fatty acyl-CoA into its monounsaturated state, is associated with the activation of ERK1/2 and the expression of cell cycle-related genes (75) . FABP4 has also been shown to be vital in the induction of Akt and MAPK signalling cascades in several malignancies, including breast cancer and oral squamous cell carcinoma (76) . The pharmacological inhibition of FASN has also been confirmed to be closely associated with pro-proliferative pathways (77) . In addition, most notably, the antiproliferative effects of omega-3 FAs are also as a result of the regulation of cell cycle (78) .
FA metabolism and evading growth suppressors
In the process of tumour progression, in order to combat potent negative regulators, tumour cells must obtain the ability to evade growth inhibitive factors, which are mainly composed of proteins encoded by tumour suppressor genes, the inhibition mechanism and TGF signalling pathways (2) . Through the absence of associated gene expression or the destruction of inhibitory programs, tumours are able to evade the reactions that are responsible for the response to internal and external signals and the subsequent regulation of proliferation, senescence and apoptosis.
P53 protein, which is expressed by the p53 gene, is an important established tumour suppressor and is an important growth inhibitive factor as it functions as a regulator of transcription and the cell cycle; the loss of expression or mutations in P53 are known to contribute to the development of several types of cancer (79) . A number of experiments have demonstrated that p53 is also closely associated with the metabolism of FAs. Saadi et al (80) demonstrated that p53 is involved in mitophagy and inhibits the production of reactive oxygen species which favour lipid accumulation. In addition, wild-type p53 exerts a negative effect on transformed cells, whereas mutant p53 may lead to the development and deterioration of tumours. Through the activation of sterol regulatory element binding proteins (SREBPs) and the upregulation of cholesterol production, the growth of breast cancer cells is accelerated (81) . Therefore, p53 is able to regulate lipid metabolism and respond to stressors.
FA metabolism and the tumour microenvironment
The tumour microenvironment is important for transformed cells. The effect of the microenvironment on tumour metabolism is an important factor to consider. Hypoxia, inflammation, and the metabolism of adjacent cells can affect the occurrence and development of cancer. In this process, FA metabolism is synergistically or negatively involved in the interactions between tumours and the microenvironment.
Hypoxia. Due to the rapid growth of cancer cells and uncontrolled angiogenesis, hypoxia represents a significant environmental state. Furuta et al (82) demonstrated that hypoxia upregulates the expression of SREBP-1, an important transcription factor in the anabolism of FAs, which in turn promotes breast cancer progression. The inhibition of hypoxia in FAO also facilitates the survival, proliferation and metastasis of cancer cells (83) . In addition, the synergistic effect of hypoxia and FA metabolism has been verified. Zhang et al (84) reported that the PI3K/Akt-mediated crosstalk between SCD1 and HIF-2α contributes to cancer progression. Therefore, the promotion of metabolic changes in FAs under hypoxic conditions may be an area of interest for future investigations into cancer development.
Inflammation. Cancer-associated inflammation, which is usually caused by the necrosis of tumour cells or oncogenic changes and the subsequent chronic stimulation induced by immune cells, is a favourable environment for the growth or malignant transformation of tumour cells (85); tumour cells are also able to tolerate cell necrosis for the increase in growth factors during the immune response. The production of mediators that contribute to inflammation are also associated with the metabolism of FAs.
It has been suggested that n-3 PUFAs can be transformed into anti-inflammatory molecules by lipoxygenase, whereasn-6 PUFAs are primarily converted into the pro-inflammatory form by cyclooxygenase (86) . In addition to the inhibition of the arachidonic acid metabolism and influencing the expression of inflammatory genes, n-3 PUFAs can also produce mediators, known as resolvins, which possess anti-inflammatory properties (87). Fazio et al (88) demonstrated that the EMT stimulated by inflammation in colorectal cancer can be inhibited by eicosapentaenoic acid, an n-3 PUFA. In addition, n-3 PUFAs can reduce the activation of macrophage inflammasomes to have an inhibitory effect (89) . Further investigations into the links between inflammation and metabolism and regulating FA metabolism to alter the carcinogenic inflammatory microenvironment are required to potentially develop novel cancer therapies.
Stromal cells. Cancer progression is associated with interactions between stromal and cancer cells. As an important part of the tumour microenvironment, stromal cells promote the proliferation and invasion of cancer cells by providing metabolic substrates or signalling molecules. A previous study on colon cancer revealed that transformed cells are able to absorb the FFAs released by surrounding adipocytes to activate FAO and autophagy in order to facilitate cancer development (51) . Similar auxo-action has been confirmed in ovarian cancer (90) . In addition, in terms of the changing modalities, exosomes derived from adipocytes are considered to be associated with the invasion of melanoma through FAO (91).
Potential drug targets in cancer therapy
Targeting abnormal tumour metabolism is an attractive potential avenue for future direct medicines. Due the importance of FA metabolism in protein modification, the synthesis of the cell membrane and the localization of oncogenic molecules, pharmacological inhibitors that target the key enzymes in these processes may be effective in future therapies.
The early generation of FASN inhibitors, including cerulenin and C75, are limited in their application, despite their confirmed induction of apoptosis in cancer cells, due to side effects associated with weight and appetite (92, 93) . As an anti-obesity drug, orlistat has also been shown to exert inhibitory effects on lipid metabolism and a certain degree of tumour suppression; however, its poor selectivity and membrane permeability prevent it from being an ideal antineoplastic agent clinically (94, 95) . In addition, several novel generations of molecules targeting FASN, including GSK837149A, TVB2640, and plant-derived polyphenols, are currently in development; among these, TVB2640 has now moved into the human trials phase (96) (97) (98) . Therefore, the accurate and efficient inhibition of tumour lipid metabolism offers promise as a novel therapeutic strategy.
Concluding remarks
The previous few decades of experimental results have indicated that cancer is similar to a metabolic disease that involves disordered energy metabolism in tumour cells (99, 100) . The abnormal metabolism of FAs is known to be crucial in cancer biology and pathology (101) . In general, any limitations on the essential capabilities of cancer cells can have an inhibitory effect on tumourigenesis and tumour progression. However, due to the diversity of cancer types and characteristics, the same therapeutic method tends to have different effects between different types of cancer. Further investigations are required on the association between FA metabolism and the various hallmarks of different types of cancer in order to determine the angiogenesis tendency or how cancer invasion and metastasisis facilitated. Targeting the corresponding intermediate products of a signalling pathway may have a good response, which in turn may highlight novel strategies and potential therapies (102) . This targeted treatment is likely to be more effective and have fewer toxic side effects towards normal tissues, therefore, non-toxic metabolic therapy may become the primary method for treating cancer in the future. Furthermore, due to the correlation between FAs and cancer, other sources of FAs, including dietary habits, obesity and hyperlipidaemia, also require consideration in addition to the regulation of metabolic processes (103, 104) . In future precision medicine, FA metabolism offers significant potential. However, due to the diversity of tumour types, the flexibility of tumour metabolism and complex interactions in the tumour microenvironment, drugs or therapies that may be effective and appropriate for clinical treatments require further verification.
